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ABSTRACT 

A  set  ot  interior  balii«!u'  equattons  i»  derived  tor  a  r  eac  t,i I'e  b  s 
type  of  launvher  of  the  Davis  Gun  type  in  ■w.-hich  two  masses  are  ejected 
from  a  comn'On  chan'tbt?r^ 

Baned  on  bailiatic  analysis  of  tf.e  Davss  Gun  iauo  her  it  appears 
feas'<bie  that  a  high  performanc  e  ♦ype  Davis  Gun  iauncher  coi'ki  be  ef¬ 
fectively  used  from  a  vehicle. 
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OBJECT 


To  obtain  a  generalized  oet  of  interior  ballistic  equations  for  pre  ¬ 
dicting  the  performance  of  Davis  Gun  launchers  for  vehicles*  Considera¬ 
tion  is  given  here  to  cases  where  the  projectile  weight  Is  different  from 
that  of  the  recoiling  mass.  Also,  the  use  of  a  shot-start  device  is  taken 
Into  account  in  the  derivation  of  the  equations. 


SUMMARY 


A  st.t  of  interior  ballistic  equations  is  derived  for  a  reactionless 
type  of  launcher  of  the  Davis  Gun  type  in  which  two  masses  are  ejected 
from  a  common  chamber.  The  important  interior  ballistic  equations 
are  summarized  below.  Travel  and  velocity  are  determined  with  refer¬ 
ence  to  the  center  of  mass  of  the  system. 
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INTRODUCTION 


The  purpose  of  this  report  is  to  develop  the  necessary  interior 
ballistic  equations  for  recoilless  launching  systems  of  the  Davis  Gun 
type  for  vehicles. 


ASSUMPTIONS 

1.  In  the  derivation  of  the  interior  ballistic  equations,  use  was 
made  of  the  isothermal  model.  ^  In  this  method,  the  temperature  of  the 
gases  during  the  burning  period  was  assumed  to  be  a  constant  (T)  which 
was  taken  at  some  mean  value.  The  effective  impetus  X  would  then  also 
correspond  to  some  mean  value  (i.  e. ,  X  =  nR.T)  during  the  burning  period. 

2.  The  direction  of  stroke  is  assumed  horizontal  so  that  no  poten¬ 
tial  energy  is  acquired  by  either  body. 

3.  The  volume  (U)  available  to  the  gas  behind  the  shot  at  any  time 
is  U  =  Uq  +  DAX  -  Cf/6  -  C(1  -  f)7^.  Assuming  that  t?  =  1/6,  this  reduces 
to  U  =  Uq  +  fiAX  -  C/6  .  When  x  =  0  we  define  a  quantity  t  which  may  be 
interpreted  as  the  effective  length  of  the  initial  volume,  t  =  U©  -  C/6/ A  = 
Uq/A.  Where  U©  is  the  free  volume  behind  the  shot  before  it  starts  to 
move. 


4.  The  rate  of  burning  is  asstimed  to  be  proportional  to  the  pres¬ 
sure;  r  =  B'P  (linear  burning  law,  see  Appendix  A  for  a  method  of  de¬ 
termining  B'  assuming  the  peak  pressure  is  known). 

5.  There  is  no  pressure  gradient  in  the  bore  during  the  ballistic 

cycle. 

6.  The  effective  ratio  of  specific  heats  remains  constant. 

NOTE;  (y  -  1)  =  (1  +  p)  {y  -  1) 

Where  =  heat  loss  coefficient 

y  s  true  ratio  of  specific  heats 
See  References  1  and  2. 
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7,  There  i»  no  motion  of  the  ehot  until  the  «hot -start  pressure 
(that  preesure  at  which  the  shear  pins  break)  i®  reached. 

Thus  X  >  0  only  when  P  >  fraction  of  the  web  re¬ 

maining  aft  the  time  the  shot-start  pressure  is  reached  is  denoted  by  Iq. 

8.  The  Tnom«5fttuui  arid  K.  E.  of  the  prc-pellant  ga«««  i«  assumed 
to  be  negligible. 


THEORY 

Derivation  of  Equations 

A.  Basic  Equations 

1.  Momenhum  Balance  Equation 

M'  M  dV 

g  dt  ■  g  dt 


(1) 


v/here  M'  is  the  weight  of  the  recoiling  or  balancing  mass  and  M  ia  the 
weight  of  the  projectile. 

Aseuiiiir.g  that  both  masses  begin  to  move  at  the  same  time 
M  •  X  •  =  MX 


or 


Thus 


X' 


X. 


X'  4  X 


X 
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The  quantity 


(2) 


(3) 


(3a) 


(4) 


B.  Procedure 

Eliminating  P  b€!t’ween  the  equation  of  web  regreesion  (4)  and 
the  equation  of  motion  (3) 

M  lY  -  -  — 

g  dt  ZB'  dt 
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It 


With  the  initial  condition^  that  V  -  0  when 
integrates  to 


-  fo  this  equation 


V  .  (fo  -  f)  (M 

2B  M 

or  taking  the  derivative  with  respect  to  x  : 


lY  -  -A  ^ 
dX  B'VI  dX 


(Sa) 


Starting  with  the  equation  of  motion 


12M 
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VdV 

dX 


AP 


(ia) 


^  fo  is  a  constant  which  represents  the  fraction  of  the  web  remaining 
when  the  shot- '  tart  device  breaks  (i,  e„  ,  at  the  time  the  shot  begins  to 
move).  The  pressure  at  which  this  occurs  is  denoted  by  and  is  de¬ 

termined  by  the  material  of  the  shot -start  rod,  its  dimensions  and  the 
rate  of  loading  the  system.  The  value  of  fo  is  obtained  from  the  follow¬ 
ing  equation  (assuming  Pg.,  is  known) 

ucx  (1  -  fo){i  *  efo) 
o 


This  equation  may  tnen  be  solved  to  determine  Iq 


f 


o 


1  \  /  /  j 8  8  ”  o  ~  1  2C  A  I 

2  V  ^  e  ^  '  iC  A  b  / 


(1  - 


for  y  0 


and 
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UC 


for  y 
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■  ubstitute  (5)  for  V,  ibm.)  for  dV/dX  and  for 


P  -  (1  -  f  ;(1  »  Of  ) 

A(^  +  OX) 


and  solve  for 


dX 


A^w^g(nx  4  /  )(fo  -  f  ) 

4{B’)2mCX  U  -f  )  (1  +  Sn 


We  now  define  a  central  ballistic  parameter 


U 


A^ 

4{B')^  MCA 


Thu  8 


dX  ,  ,  (fo'Odf 

OX  >  f  (1  -  f  )7rV9  f ) 


Integrating  this  equation  with  the  initial  conditions  that  at 
X  =  0.  f  -  f  o  ;  we  get 


and 


f.M  r 

f  .  1 

OX  ♦  { 

§ 

o 

°  TTBj 

t 

\  1  4  tf  / 

0  X  .  f 

_Oii(fo-  f  )/i  .  fo> 
\  1  f  i 

kO  M(l-fo) 

1  for 

B  ~  0 

for  W 


(6) 


rt  0 


Equation  (6)  gives  us  the  travel  in  terms  of  the  fraction  of  thr 
web  (f)  remaining  at  any  time  t. 


S 


By  siibstituting  (6)  into  equation  (2),  it  ia  now  poatible  to  de> 
termine  the  preasure  (P)  in  terms  of  the  fraction  of  the  web  (f)  remains 
at  any  time  t. 


and 


12CX  (1  -  f) _ 


for  6  = 


It  is  now  possible  to  determine  the  velocity,  travel  and  pres 
sure  at  all  burnt  (subscript  B  denotes  the  quantity  when  the  propellant 
is  all  burnt,  i,  e. ,  when  f  =  0)  from  equation  (5)  with  f  =  0. 


AWgfp 

2B'M 


(8) 


->]  fore=0 
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UC  A 


for  6  4  0 


^  nd 


UC  A 


for  y 


To  determine  ;  oridi^ions  at  rnaximum  pressure,  the  following 
procedure  will  be  used.  Let  the  subscript  m  denote  the  condition  at 
maximum  pressure. 

From  E'quation  (1)  we  have  pressure  as  functions  of  f  and  x, 

-  Pff ,  x),  and  from  Equation  (6)  we  have  x  as  a  function  f,  x  =  x(f) 
thus 


:  / -J- )  ►  {^y\  -  0  for  maximum 

df  V  ^  '  -'x  -  (  \df  ' 


(11) 


'll P  sJli}  ' 

A  (P  X  <  <  )" 


(  \  A  c  {^Of  y  .  1) 

'  T  '  "  A  (C  X  .  M 

We  have  already  shown  that 
-ii  f p  X  »  '■ )  {to  -  n 

d  r  ‘7r[““7~^ 
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Subatitutlng  into  (li)  we  get  for  the  fraction  of  the  web 
remaining  at  maximum  preneure 


0  M  f  o 

—JW 


f  B 


4  Dm 


for  all  b 


(U) 


To  find  iho  travel  at  maximum  prewaure  we  eubetitute  f,^ 
for  f  in  equation  (6)  and  get 
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And 
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(14) 


It  in  impossible:  to  have  a  ioiution  with  f  negative  at  any  time. 
Thus  must  always  be  positive  (i.  e.  ,  Opf^j  +  @  .  1  ^  0|  otherwise 
peak  pressure  comes  at  all  burnt  and 


P 


n» 


12A  C  _ 

Uo  ^^0(1  -  f^)04(l  -fo^ 

-  V 


for  =  0 
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Not«  that  In  th«  c««e  of  a  conventional  gun  without  shot -start  or  recoil¬ 
ing  parta  and  6  =  0 


(7 


1 


fo  =  iim(i  -  u;  I 

P„  o 


Pb 


12>  C 

U’  e*" 
o 


This  agrees  with  equation  (ZOA)  P  1  38  of  "Theory  of  the  In¬ 
terior  Ballistics  of  Guns"  by  Dr,  J.  Corner.  ^  Our  solution,  however, 
ia  much  more  general  and  is  particularly  applicable  to  systems  using 
the  Davis  Gun  principle. 

To  determine  muzzle  velocity,  let  subscript  e  denote  condi¬ 
tion  at  muzzle  exit.  K.  E.  of  projectile  at  muzzle  exit  =  K.  E.  of  pro¬ 
jectile  at  all -burnt  +  work  done  on  the  projectile  from  ail  burnt  to 
muzzle  exit. 


3c 

bee 


Reference  Z. 
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Let  Y ]g  be  the  ratio  of  the  volume  behind  the  projectile  at  any 
travel  X  >  Xjj  to  the  volume  behinu  the  shot  at  the  time  of  a  11 -burnt. 


ex'  .  f 

nxg  +  i 


Using  the  adiabatic  law  for  free  expansion,  we  have  the  pressure  (P*) 
at  any  travel  X  >  Xg,  given  by 


Using  the  fai.:t  that  at  X'  =  Xg  ,  Yg  r  l  and  X  -  3  ^  ^  B 

where  Yg  is  the  ratio  of  the  final  volume  to  the  volume  at  all-burnt. 


and  remembering  that 

PqA  (QX^  .  /  )  r  IZA  C 


1 1 


k 


(16) 


thua 


We  have  already  nhown  in  equation  (8)  that 

v_ 

®  liU" 


JLE  Ll_ 

4(B')2m 


(17) 


Substituting  equations  (l6)  and  (17)  in  eqviation  (15)  and  solving  for  the 
muzsle  velocity  we  get; 


Vb(7-i) 

r  -  1 _ 

a 


(18) 


ballistic  design 


For  purposes  oi  establishing  some  preliminary  design  parameters 
such  as  charge  weight,  total  gun  length,  peak  pressure,  and  also  gun 
weight  for  the  Davis  Cran  the  foiiomng  design  ballistic  quantities  were 
selected  as  being  typical  of  high  performance  guns.  ^ 


^See  Refe  rences  i  and  5, 
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Expansion  iiatio 


Final  Volum*; 
Initial  Volume 


Travel  of  projectile  to  all -burnt 
Total  travel 


=  0.  60 


Loading  Density  (^q) 


0.  70  grams  /cm  * 


Propellant  Constanta 


See  Appendix  A  B 


The  range  of  projectile  AA'eights  c  >nsidered  was  from  3  to  IZ  lbs. 
and  the  weight  of  the  recoiling  mass  was  taken  as  1,  2  and  3  times  that 
of  the  projectile  weight  (i.  e*  ,  fl  =  2,  3/2,  4/3).  The  shot-start  effect 
was  assumed  negligible. 


TO  DETERMINE  CHARGE  WEIGHT 


First  determine  Y3  ,  the  ratio  of  the  final  volume  to  the  volume 
at  all-burnt 

V  .  i 

B  '  nxg  +  I 


since 


CX-  +  / 


=  .6  --  Xg/X^ 


6aXe  +  i 


we  have 


Also,  cince 


OXe  r.  HY  -  1) 


we  have 


=  TTVnru—  = 


Y  =  5 


With  this  value  of  Yg  ,  it  is  then  possible  to  determine  the  value  of 


=  .368 


y  -  1 


Next  determine  4,  the  central  ballistic  parameter,  shall  as¬ 
sume  that  no  shot-start  device  is  used  so  that  f©  =  1.  The  travel  at  all- 
burnt  is  then  given  as 


X.  .  ^  [."»  .  ,] 


and  the  ratio  of  travel  to  all-burnt  to  total  travel  is  accordingly 


:«  ex.  L  J  Y  -  I 


.olvisg  for  it  we  have 


n  L  *e 


1.224 

Q 
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Subatitvition  of  the  above  values  of  tu  and  Y g  into  eq,  (IB)  yieldw 
an  expression  for  C/M  a#  a  function  of  velocity  and  M/M'.  This  is 
plotted  in  Figure  1.  Frotn  F'lgure  1  the  charge  weight  is  plotted  in 
Figures  2,  and  4  for  different  velocities  (keeping  O  tixed). 


TQ  determine  chamber  VOL-UME  (Uo) 

Since  we  are  fixing  our  loading  density  as  0.  7  gms/cm^  jt  is  then 
possible  by  using  Figures  2,  1,  and  4  to  plot  Ug  loir  different  velocities 
(keeping  C  M/M'  fixed).  This  is  done  in  Figures  S,  6,  and  7, 


TO  DETERMINE  PEAK  PRESSURES 


Ha  ving  previously  determined  M,  C,  and  Ug  it  is  now  possible  to 
deteimine  peak  presfure  for  different  values  of  Q.  From  equation  (*2) 
with  8-0, 


f 


1 


1 

Cii 


_ i -  .18  5 

1. 224 


Since  friT  ’  0  we  use  equation  (14) 


m 


12  A  C 

nu;,  je 


If  f^  •  C  we  would  use  eqi  ation  (10) 

1  2  A  C 


m 


IS 


For  the  example  selected  in  this  report  it  is  then  possible  to  plot 

Pm  vs  Aq.  This  is  done  in  figure  8.  At  a  loading  density  of  0.  7  gms/cc 

our  peak  pressure  is  about  50,  000  psi  using  eq.  (14). 


TO  FIND  TOTAL  GUN  LENGTH  (l) 

Uo 

Tho  total  gtin  length  (L)  is  equal  to  Y  where  the  assumption  is 
made  that  chamber  area  =  bore  area.  Since  chamber  volume  has  al¬ 
ready  been  calculated  and  plotted  in  Figures  5,  6,  and  7  it  i!»  now  possi¬ 
ble  to  plot  total  gun  length  (L)  for  different  velocities,  bore  diameters  and 
projectile  weights.  This  is  done  in  Figures  9  through  17  inclusive. 


TO  DETERMINE  GUN  WEIGHT 


In  order  to  complete  the  preliminary  ballistic  analysis  it  is  neces¬ 
sary  that  estimates  be  made  of  gun  weight.  To  reduce  the  amount  of  cal¬ 
culations  necessary,  a  projectile  weight  of  8  lbs  was  selected.  This  ap¬ 
pears  to  be  reasonable  for  the  range  of  projectile  weights  considered. 
Before  any  weight  calculations  could  be  made  it  was  first  necessary  to 
determine  several  ballistic  quantities: 

-  True  length  of  initial  volume 
Xg  -  Total  travel  of  projectile 
X^  -  Total  travel  of  recoil  balancing  m^-ss 
Pg  -  Pressure  at  all-burnt 
Pg  -  Muzzle  Pressure 
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Since  the  total  ffun  length  L  has  already  been  calculated  and 
plotted  in  Figures  9  thru  17  inclusive,  it  was  a  simple  matter  to  de¬ 
termine  Xg  and  Xg 

x^  +  x;  =  L  - 

r  Xg  =  L  -  -to 
Xg 

*  0 

K  =  Xe<^  -  1)  =  (L  -  lo)  (1  -  l/n) 

''-Q  can  readily  be  determined  from  Figures  5,  6,  and  7  remembering 
that 


^o  = 

Table  I  lists  the  values  of  -Cq  ,  Xg  ,  X^  for  the  eight  pound  projec¬ 
tile  weight  with  different  values  of  Q  and  gun  caliber.  Since  at  the  be¬ 
ginning  of  the  calculations  it  was  assumed  that  =  0.  6,  the  position  of 
the  projectile  and  recoil  balancing  mass  at  all-burnt  may  be  found  by 
simply  multiplying  Xg  and  Xg  by  0, 6, 

To  determine  the  pressure  at  all-burnt  (Pb)  equation  (10)  was 

used 


Pb 


iz>  c 


Uo« 


where 


u;  =  u„  -  c/« 


Also,  since 


where 


27.7  C/Uo 
ifo  =  ^  gms/cm^ 
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Table  I.  VALUES  OF  X.  AND  X’  FOR  THE  EIGHT-POUND  i^ROJECTILE  WEIGHT 
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C  i«  the  charge  weight  in  lbs  and  is  the  initial  chamber  volume  in 
in.  ^  wft  have 


and 


Pb 


Remembering 


Pe 

Pb 


-y 


5Z, 000  psi 


we  find  that  the  muzzle  pressure  32,000  psi 


WEIGHT  DETERMINATION 


F rom  Table  I  it  was  necessary  to  calculate  an  approximate  gun 
weight  for  several  different  caliber  guns  ising  the  same  projectile 
weight.  The  rr-ethod  of  calculation  w'aa  the  ^^ame  as  is  shown  by  the 
lollownng  sample.  It  should  be  noted  that  all  calculations  were  based 
on  the  use  of  an  eight  pound  projectile,  a  maximum  pressure  of  53.  000 
psi  and  an  exit  or  muzzle  pressure  of  32,  000  psi. 

F  or  ease  of  calculation  th-*  riropused  gun  was  assumed  to  have  the 
following  form: 
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« 


Wh#r® 

l’  *  length  containing  peak  praeenre 

X*£  *  Ungth  containing  pr«fc*ure  varying  from  peak  preaeurs 

to  exit  presaur*  (of  xocoii  balancing  nnaae). 

Xmf  *  length  containing  preteure  varying  from  peak  preaeura 
to  mueele  preeaure  (tf  projectile). 

At  this  point  attention  ie  called  to  the  assumption  made  that  the 
ratio  of  travel  at  the  propellant  condition  ’’ail  burnt"  to  total  travel  is 
.6.  Using  this  assumption  it  can  further  be  assumed  that  the  peak  p’-es 
sure  occurs  at  or  before  the  "all  burnt"  condition.  There.ore  it  foilo<A'S 
that  peak  pressure  will  occur  wnthin  .  6  of  the  travel  irom  the  chamber 
to  cither  the  muz«le  or  exit.  Hence,  using  table  I,  for  100  rnm  at  v  ~ 

2,  000  ft/ sec  and  m/m'  -  1/^: 

l'  =  .  6  Xe  +  .  h  ^  o  ^ 

:c  .6  (19.4)  4  .6  (9.  7)  4  7.27 

=  24  .  'n 

X,nf  =  .4X, 

-  .4(19.  4) 

r-  ?.  76 
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Xef  =  .4X; 


(3) 


=  .  4  (9..  7) 


=  3.88 


It  should  be  recalled  that  pressure  (max)  =  53,  000  psi  and  pres> 
sure  (muzzle  or  exit)  =  32,  000  psi.  Using  a  yield  strength  of  230,  000 
psi  for  steel,  the  following  P/YS  can  be  calculated  for  the  length  L', 

P/YS  =  =  53,  OOC  ^  2304  (4) 

yield  strength  230,  000 

From  reference  (9)  the  wall  ratio;  WR  is  given  as  1,  3132,  Since  by 
definition, 

WR  =  Outer  Diameter  (O.  D. )  .c. 

Inner  Diameter  (I.  D. ) 

O.  D,  2  =  I.  D.  X  WR  (6) 

=  100  X  1.  3132 
=  131,  32  mm  or  5,  170  in. 

Similarly,  to  obtain  the  outer  diameter  at  the  muzzle  or  exit,  from  (4) 

P/YS  =:  .  1^-  °°°  =  .1391 
230,  000 


=  1.  1639 


and  from  (6) 


O.  D.  1  =  100  X  1.  1639  =  1 16.  39  mm  or  4.  582  in. 


Therefore  the  final  configuration  of  the  gun  is  shown  in  the  following 
figure. 
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By  using  the  standard  equation*,  the  volume  of  the  gim  was  obtained. 
For  example, 


Volume  total 

=  Volume  of  cylindrical  section 
+  Volume  of  muzzle  tapered  section 
+  Volume  of  exit  tapered  section 

Volume  of  cylindrical  section 

=  .  7854  (L')  (Ob|  -  iD^  ) 

^  .  7854  (24.  7  3)  (5~  170^  -  37940^  ) 

=  217.  6  in.  ^ 

Volume  of  muzzle  tapered  section 

=  .2618  (X^^)  (Ob|  -  (OD^XODi)  +  Obf  )  -  .  7354  (X^f)lD^ 
=  .  2618  (7.  76)  [(5.  170)^  +  (5.  170)  (4.  582)^  +  (4.  582)^] 

7854  (7.  76)  (3.  940)^ 
r  145.08  04.61 

r  50.  47  in.  ^ 

Volume  of  exit  tapered  section 

--  .2618  (X^j)  (obl  +  (OD^KODi)  4  Oof  )  -  .  7854  (X^^)  (ID)^ 


=  .  2618  (3.88)[(5.  170)^  +  (5.  170)(4.  S82)  +  (4.582)^] 

=  25. 24  in.  ^ 

Volume  total 

r  217.  6  +  50.  47  +  25.  24 
=  293.  31  in.  ^ 

3 

Since  the  density  of  steel  is  ,  283  Ib/in.  ,  the  weight  of  the  gun  is 
equal  to 

.  283  X  293.  31  =  8  3.  00  lb. 


The  density  of  .  28  3  Ib/in.  ^  was  used  in  all  three  cases. 

The  re  suits  of  the  weight  calculations  for  the  100  mm,  120  mm 
and  140  mm  guns  of  various  yield  strengths  using  an  eight  pound  pro¬ 
jectile  with  8,  1 6  and  24  pound  recoil  balancing  masses  at  velocities 
from  1000  fps  to  3000  fps  are  shown  in  Table  II. 


DISCUSSION 


A  study  of  Table  II  reveals  the  following: 

1.  The  gun  weight  is  an  exponential  function  of  velocity; 

2.  The  weight  of  the  gun  is  proportional  to  the  muzzle  energy 
and  is  dependent  only  on  the  ratio  of  the  propelled  weight  to  the  recoil 
balancing  weight  and  on  the  material  from  which  the  gun  is  fabricated; 

3.  For  guns  of  the  same  material  a  saving  in  gun  weight 

of  approximately  22%  wall  result  when  the  weight  of  the  recoil  balancing 
weight  is  increased  from  equal  to  the  projectile  weight  to  twice  the  pro¬ 
jectile  vei  ght; 
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T*bl«  11.  GUN  WEIGHT 


CAUb«r 

(mm) 

100 


120 


140 


M/M' 

Velocity 

(fpe) 

Y.S.  = 
230,  000 
(lb) 

Y.S.  -- 
275,  000 
(lb) 

Y.S.  = 
325.  000 
(lb) 

1 

1000 

27.  6 

21.  ^ 

16.  8 

1500 

62.  5 

48.  2 

38,  0 

2000 

no.  8 

35.  6 

67.  4 

2500 

173,  7 

134.2 

105.  8 

3000 

250.  6 

193.  6 

152.  8 

1/2 

1000 

20.  8 

16.  1 

12.  7 

1500 

46.  9 

36.  2 

28  5 

2000 

8  3.  0 

64.  2 

50.  5 

2500 

130.  3 

100,  6 

79.  4 

3o00 

187.  9 

146.  5 

114.  4 

1/3 

1000 

18.  6 

14,  3 

11.  3 

1500 

41.  7 

32.  2 

25.  4 

2000 

7  3.  9 

57.  1 

45.  0 

2500 

115.  7 

89.4 

70.  5 

1 

1/2 

1/3 

3000 

167.  11 

SAME  AS 

127.6 

100  rr.m 

101.  8 

1 


1/2  SAME  AS  100  mm 

J/3 
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4.  For  giins  of  the  same  material  a  saving  in  gun  weight  of 
approximately  3  3%  will  result  when  the  weight  of  the  recoil  balancing 
weight  is  increased  from  equal  to  the  projectile  weight  to  three  times 
the  projectile  weight; 

5.  For  the  same  ratio  of  propelled  weight  to  recoil  balanc¬ 
ing  weight  the  weight  of  the  maraged  steel  gun(YS  =  275,000)  is  ap¬ 
proximately  23%  less  than  the  high  strength  steel  gunlYS  r  230,  000); 

6.  For  the  same  ratio  of  propelled  weight  to  recoil  balanc¬ 
ing  weight  the  weight  of  the  filament  wound  steel  gun(YS  r  325,000)  is 
approximately  40%  less  than  the  high  strength  steel  gun(YS  s  2  30,  000). 

7.  In  tne  extreme  case  a  gun  made  from  high  strength  steel 
(YS  =  2  30,  000)  and  having  i  propelled  weight  to  recoil  balancing  weight 
(M/M')  ratio  of  1/1  would  be  approximately  146%  heavier  than  a  fila¬ 
ment  wound  steel  gun(YS  =  325,  000)  having  a  propelled  weight  to  ex¬ 
pelled  weight  ratio  of  1/3. 

8.  In  the  middle  case  a  gun  made  from  high  strength  steel 
(YS  =  2  30,  000)  and  having  a  propelled  weight  to  recoil  balancing  weight 
(M/M')  ratio  of  1/  1  would  be  approximately  95%  heavier  than  a  fila¬ 
ment  wound  steel  gun(YS  =  325,000)  having  a  propelled  weight  to  ex¬ 
pelled  weight  of  1/3. 


CONCLUSIONS 

» 

1.  Based  on  the  ballistic  analysis  of  the  Davis  Gun  launcher  it 
appears  feasible  that  a  high  performance  type  Davis  Gun  launcher  could 
be  effectively  used  from  a  vehicle. 

2.  Using  recoil  balancing  masses  which  are  greater  than  that 
of  the  projectile  results  in  reduced  gun  lengths  and  weights.  However, 
the  decrease  in  gun  weieht  must  be  compared  with  the  increase  in  total 
round  weight  (C  +  M  +  M  )  for  any  particular  system. 
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A  study  of  th«  data,  contained  in  table  IX  for  paiticular  Davis  Gun 
leads  to  tlte  following  conclusions: 

1.  A  decrease  in  the  ratio  of  propelled  weight  to  recoil 
balancing  weight  from  1/1  to  1/3  may  reduce  the  weight  of  the  gun  by 
33%  with  no  sacrifice  of  velocity  or  mu^^ie  energy; 

2.  An  increase  in  the  strength  of  the  mstericl  from  which 
the  gun  if  made,  namely,  from  230,  000  to  325,  OOC,  may  reducvj  the 
weight  of  the  gun  by  40%  with  no  sacrifice  of  celocity  cr  muaiiiJe  energy 

3.  A  substantial  naving  in  the  weight  of  the  gun  can  be 
achieved  by  decreasing  the  ratio  of  the  propelled  weight  to  recoil 
balancing  weight  while  at  the  same  time  increasing  the  strength  of 

the  material  from  which  the  gun  is  made.  For  example,  taking  an  ex¬ 
treme  case,  a  saving  in  weight  of  60%  can  be  achieved  by  using  a  fila¬ 
ment  wound  steel  gun  with  a  yield  strength  of  325,  000  and  a  propelled 
mass  to  expelled  mass  ratio  of  1/3  in  lieu  of  a  high  strength  steel  gun 
with  a  yield  strength  of  230,000  and  a  propelled  mass  to  expelled  mass 
ratio  of  1/1. 
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APPENDIX  A 


A  METHOD  OF  SEl-ECTtNG 
BURNING  RATE  COEFFICIENl  (b') 


B  may  be  chosen  such  that  the  area  under  the  assumed  linear 
burning  rate  curve  equals  that  under  the  exponential  burning  rate  curvs 
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r^max. 
/b'  Pdi 

Jo 


majc. 


PdP=  /BP"dP 
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APPENDIX  B 


PROPELLANT  CONSTANTS  USED  FOR  THE  EXAMPLE 

IN  THIS  REPORT 


X  Impetus 

■>  Pseudo  Ratio  of  Specific  Heat 

Co -Volume 

t  Propellant  Density 

6  Form  Factor 

B  Burning  rate  coefficient 

n  Burning  rate  exponent 


3.4  X  10^  tt-lbs/ib 

2.  b 

28  in.  ^  /  lb 
0.  06  lbs  /  in,  ^ 

0 

4.6  3  X  1  0  ■  ^  in.  /  sec -per*' 
.  7 


2Q 


m 


V  •  V«I  IOC  I  f  y  (  /i»c  ) 
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^^''arji^e  va  Velocity  M/M'  -■  1/2 
iZ 


F'igure  i. 


Chombtr  Volume 
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Chombtr  Vokinm  (inS) 


V«  Velocity  (ft  /  tec) 
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Figure  7.  Chamber  Volume  vs  Velocity  M/M*  =  1/3 
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Totol  Gun  Lingth  (inchut) 


Figure  9.  Total  Gun  Length  v*  Velocit>fc-Bore  Diameter  =  100  mm 
M/M  =  I 
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Totol  Gun  Length  (in) 


1000  tooc 

V«  Velocity  (ft/eec) 


1000 

FA  33279 


Figure  10.  Total  Gun  Length  v»  Veioc ityJBore  Diameter  =  lOO  mm 
M/M’  1/2 
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Figure  11. 


Total  Gun  Length  vs  Velocity.Bore  Diameter  =  100  mm 
m/m'  =  1/3 


Totol  Gun  Length  tnc^’igs) 


DAVIS  LAUNCHER 
TOTAL  GUN  LENGTH  VS  VELOCITY 
BORE  DIAMETER  «  120  mm 
M/M’  «  I 
“  0  70  gmt/cc 

.  y  •  5  '  ^  ■ 
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M  •  12  lb* 


M  •  to  tb» 


M  -  •  ibt 


M  •  •  Ibt 


>»  M  •  4  lb* 
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Figure  13.  Total  Gun  Length  vs  Velocity  -  Bore  Diameter  =  120  mm 
M/M’  =  1/2 
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Total  Gun  Length  (i 


DAVIS  LAUNCHER 

TOTAL  GUN  LENGTH  VS  VELOCITY 
BORE  DIAMETER  «  120  mm 
M/M'  «  Vs 

— I —  Ao  ■  0.70  oms/cc  — 


>  M  •  12  II 


M  >  8  lb«! 
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Figure  14.  Total  Gun  Length  vs  Velocity  -  Bore  Diameter  =  120  n 


Figure  15.  Total  Gun  Length  vs  Velocity  -  Bore  Diameter  =  140  mm 
M/M’  =  1 
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Total  Gun  Length  (inches) 


Figure  Uu  Total  G  m  length  v»  Velocity  -  Bore  Diarneter  140  mrv; 

M  M  1  .1 
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Total  Gwn  Length  (in's 


DAVIS  LAUNCHER 


TOTAL  GUN  LENGTH  vS  VELOCITY 
BORE  DIAMETER  =  !40  mm 
M/M  =  1/5 
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